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AN INVESTIGATIO:~ OF THE ~1GSPEED STABILITY AND CCM!EKG 

CHARACTERISTICS OF SWT-FORWARD AND SWPT-BACK 1ULNGS 

E!i TEE AKES &IL B2 %&FOOT W'IXD TUNHEL . 

By Gerald M, U33ormack and Victor I. Stevens, Jr. 

Bn investigation has been made at large scale of the char- 

Rcterfbtics of highly sbsqt wings. Data were obtained at several 

angles of sideslip on ?&&ss having angles of sweep of *45O, -+30", 

and 00. The afrfofl sections of the wings varied from approxi- 

mately !&CA 0015 at the root to NAGA 23009 at the tip. Each 

wing was investigated with flaps undeflected, partial-span splft 

fl?Ds deflected &Jo, full-spsn splft flnps deflected &*and 

t 
sDlit-flEp-t,ype diem ns deflected 5 15O. Vrtlues of m.Gimum 

lift were obtained at Reynolds numbers raging frm 5.7 tn 

9.2x1& In tTiiS report the summarized results are compared 

with the predictfnns z%.de by use of the simolified theory for 

the effect of sweep q.nd 4th existing snail-sc.qle data. The 

basfc T&nd-tu-rlel results froa btiich these summary d,ata were 

t&en are included in qn apGenc?ix. 

The primary problems accompanying the use of sweep as re- 
+ vealed by this investigation are the loss in maximum lift, the 

hfgh effective dihedral, nnd the sharp reduction in lateral- 
* . control effectiveness. In general, simple theory enables good 

Predictions to be made of-the gr?oes effects of sweep but further 

=P@W6UZD 
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refinements s.re necessary to obtain the .accuracy required for 

design purposes. Ii cases where comparisons can be made, the 

indications are that, as sweep increases, scale effects dimln- 

ish and large-scale results approach small-scale results. 

. 

k 

IXIRODUGTION 

Thcoryindicatesand cxgcrimcnt has shown t.h+.t the prime 

aerodynamic affect of wring swcop is J? reduce by the cosine 

of' the angle 9f sweep the effective flight velocity exper- 

fenced by the .~A-1711 sections gf tho'viing. This then enables 

increases in maximum flight speed tt;r, be attained bef'lre 

serious. compressibility cffccts arc enc%?ntercd; Theory and 

experiment also show that -sing sweep introduces a number of I . --. .~ .- .- _ i 
stability and. cqntrQ1 groBloms, .thc scrixsncss ?3f which -d%c '4 
boc~~~s accentuated a,-t.low flight speeds. _ 

t- 
$lti11-EW.lf2e tC6t6 haVC PCilltCi? out the genera,1 nature of 

thcso problems and indic ~ted those which must be overcome if 

the high-speed bsncfito ctf sweep are Gq be realized. They 

r 

have ah3 s?zggste-d thtkt boundary--l.q-cr flop and, hence, -. ,_ _ ._.- 

Xficynqlds number has a qrofQund influ.cnce 3n measured charac- 

teristics and that the va1u.e of, small-scale tests remain 

srlmelarhat doubtful until the extsnt of 'this influen.ce is under- 

stood. 

and the resulta'are'reportcd herein. It is believed that 



. 
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these data.trill QCI far towards establishing the datum required 

t3 est5nP.t.e the effects qf scale m highly swept wing ;?lan 

f3rizs. With this Lmqwledge at hand it is evident that the 

value qf future snaLl-scale tests w3ll be cmsidcrably 

inc-eased. 
This repmA discusses a s~mmry qf the basic results and 

cmpares them 74th simple swept+%ng thcqries and,, r=rherc 

pmsible, with existLng mall-scalz'data (rcfcrences I, 2, and 

3). T? nake the basic data avFA.l&ble f9r further amlyscs 

they are fncl;zdod as an appcndLx t? this report. 

L 

l 

l 

The five nodels 3ested were cmpgsed of wfng panels from 

an available airpUzx'whfck wzm given-the desJ.red plan f’xm 

and swceg by Individually fabricated tips and center eectims. 

Tke resulting angles of swceg were 03, 30", aind &j3 sweepf?r- 

ward, zad 30", and @j" swxpbaclr (metisured with reference t3 

the quarter-chq?d line Qf the airfrlil sectims). Aside frqm 

the angle 3f sweep, tS-c prime @an-f->m variable was considered 

tr, be aspect ratio. The tips md center sectims were cmstruc- 

h 

l 

ted t? give t$c-ssallcst yPriat3.m ?f_ this p8raneter p~ssiblc 

vfthmt m7dlfication qf the nirpk-nc wing mncls. NQ spccisl 

pttcmpt was made t9 cmtrol the vcriatfm lrrf taper mtfr), arca 

3r span, F%otqgrc?:phs of the Gings and plan-form drawings 

wit2 pertLncnt dinensims p$e shmil in fltgures 1 md 2, The 

<Ten-etric ti?nracterIstics of the five ~~%l~S tested Rre listed 

in tctb?e I, 
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The airfoil sections of the swept wings were dictated by 

the sections of the airplane wing panels (an I&C& 0015 at the 

inboard end and an NAGA 23009 at the outboard end of the panel), 

The profiles of the center sections and tips were simply exten- 

sions of the wing-panel airfoil. To expedite construction, 

three tips only were fabricated: one for the swept-forward wingg 

one for the straight wing, and one for the swept-back wings. 

Thus for the swept-forward and swept-back wings compromise tips 

were used which were misalined 7&O to the air stream, The twist 

in the chord plane of the wing panels was approximately l/b0 of 

washout, The dihedral of the chord-plane leading edge was kept 

at 00. 

No attempt was made to improve the fairness of the wing 

panels beyond the origInal manufacturing condition. Thus, due 

to presence of various access plates, panel Joints, etc., the 

.wings were rough to a greater degree than that normally 

associated.with lqtest construction requirements. 

Partial-span and full-span split flaps were tested on all 

models. The flapfl were 0.20 .&ord and were deflected 6OO.l The 

span of the partial-span flaps was 0.623 wing span for all mod- 

els; the span of the full-spanflaps varied slightly from full- 

span (in no case more than 0.064 wing span) a8 shown in table I. 

Ailerons were simulated by attaching the outboard portion 

of one of the flaps to the right wing and deflecting it +15O 

(up-deflection was obtained by attaching the flap to the upper 
surface of the wing), Thus the ailerons as tested were 
'Except tiere'noted, all @ords and spans used in this report 

were measured parallel pnd perpendicular to the plane of 
symmetry. Flap deflection sngles were measured in a plane 
perpendJ.cular to the flap hinge line. 

l 

L 

. 
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0.20-chord split-fla?-type aileM,ns. . 

The wings were mounted on a faired sting which in turn 

vas attached to the t*hree-strut support system. Photographs 
of the wing instaXations are shown in figure 1, 

The data are preeented in the form of standard FCACA coef- 

ficSents and symbols as &fined in f@ure 3 and the following 

tabulation. Ail forces and moments aze presented about the 

atabzlity axes with their origin 13cated on the root chord, 

or root chord projected and a% the same fore and aft location 

quarter i;.B.C. 

rtift coefficient (Iift/qS) 

drag coefficient (drag/qS) 

pitching-moment coefficient ( 
pitching moment 

qsc 
‘) / 

rolling-moment coefficient ( 
rolling moment 

qSb > 
yawing moment coefficient ( 

yawing moment 
) qSb -c 

side-force csefficient side force 
@ > 

rate ?f change of lift coefficient with angle of 

attack, per degree 

. increment of lift coefricient due to deflecting 

f 1aQs 
maximum lift coefficient 

rate of change of rolling-moment coefficient with 

sideslip, per degree 

rate of dhange of r~llicg-moment coefficient with 

ving-tip helix angle, ?er radian 
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rate of change of yawing-moment coefficient with 

sideslip, per demee 

rate of change of rolling-moment coefficient with 

aileron angle, per degree 

rate of ahange of Cl with lift coefficient where 
8 

lift is increased by c-hanging angle of attack 

rate of change of Cz with lift ooefficlent where 
8 

lift is increased by deflectfng flaps 

rate qf change of C, 
s 

With the lift coefficient 

squared 

ratio of lift to drag 

dynamic pressure, pounds per square foot 

velocity along flight path, feet per second 

angle of attack, degrees 

angle of sideslip, degrees 

angle of sweep of quarter chord line of airfoil 

sections, degrees (Sweepback is positive and 

sweepforward Is negative.) 

effective dihedral, degrees. 

control surface defleotion, degrees 

aspect ratio based on span 

aspect ratio based on length of quarter ohord 

Jones' edge-velocity correctfon 

taper ratio, rat17 of tip chord to root chord 

wing area, square feet 



NACA RI4 No. A6K15 7 

C mean aerodynamic chord o3 I wing measured parallel 

t9 plane of syrmqetry, feet 

b wing span measured perpendicular t-, the plane of . 

symmetry, feet 

% King-tip chord 

cr wing-root chwd 

For each of- the mode; configuratfons six-component force 

and moment data were obtained through an angle-of-attack range 

at each of several angles of sideslip. The data were obtained 

at dynamic gressures- which range from 5 ti 75 pounds per 

square foqt (R = 2.9 x 106 tr, R = lG.0 x 106ja; most of the 

data were obtained at dynamic pressures of 10 to 20 pounds per 
a square foot (R = 4.0 x lo6 and R = 5*3 x 106, respectively). 

. The basic data obtained from SIG wind-tunnel tests ?f the 

five swept wings are dcscribcd in the appendix. AI-s? included 

in the appendix is E description of t'ne corrections and tares 

an?lied to the data. 

ix3 cuss I OF 

In this dfscussion an,evaluation is made of the effect of 

wing sweep on the more important aarondynamic parameters and of 

the consequent effect on airglene gcrf3rmance and stability. 

a-These Reynolds numbers are based upon the 1i.is.C. as a refer- 
ence lonqth and are the mini.mum and maximum Hnits of the 
variation fncluding tIic change in chord length with sweep. 
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Also, the-accuracy T?rith which the simplified sweet theory may 

be used to predict the characteristics of swept wInga is eval- 

uated by a comparison with the experimental data. Fin,ally, 

m attempt is made to compare nt least qualitztively the values 

of the various characteristics ae obtained at small-scale 

(R < 1.5 x10") ,and full-scale Reynolds numbers. The summary 

data on Which thie discussIon is based have been extracted (far 

a test dynamic pressure of 2O.lb/sq ft) from the measured char- 

acteristics included in the appendix. 

The concepts advanced by Bctz in rcfcrcncc 4 form the 

groundwork for the theory of the aerodynamic effects of 

incorporating sweop.in..n.wing plan form., Thcae concepts are 

based on the assumption that for an infinite-span wing only 

the velocity c?mponont normalt the quarter-chqrd line 

influences the pressures over a wing; the spanwise component 

of velocity is neglected. Thus, if the velocity componenta 

are resolved perpendicul.ar and pnrallcl to the quarter-chord 

line of a wing, the effective dynamic prcssurc over the wing 

will decrcnse in proportion to the square of the cosine of 

the angle of sweep and the effcctivc angle of attack will 

increase in proportion to the reciprocal of the cosine of 

the angle of swcepc YJ?z~.so chtangos fn offcctive dynamic prcs- 

sure and angle of attack brought about by wing sweep form 

the basis for the existing simplified sweep theory. 

In interpreting the comparisons to be made between the 

simplified theory and expcrimcntal results, the limitations 

. 

‘L 

* 

l 
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of the simplified theory mst be borne fn mind. Over t-he 

mot section of highly swept firsite-span wings, partiou-,. 

larly highly tapered lo:+ aspect ratLo wings, the 'basic assunp- 

tion that the wing reacts only to air velocities nornal to,the 

quarter-chord liue probably doe8 n2t hold. It ahodd EL189 bc 

noted that sinpli fLe& theory in itB prcecnt furin applies only 

t3 winga vkich ge?lerat e an ad?litixml loading due to angle-M- 

attack change that is rectangular.in form. Therefore appre- 

ciable deviations frm rectafigular loading such as produced 

by tapeT- will result. In 62~~rcgm.wies bet%.-een the theoretical 

and experimental resulte. 

Lift Characteristfcs 

Lift-curve slope.- The Binplified theory indicates a 

decrease in lift-curve slope progortimal only t9 boeh. TQ 

l 
account for induction effects, a c~rection tiust also be made 

for any varLation8 of aspect ratio. Bence, the effect of 

sweep on lift-curve slo;?e, wher~'c~rected fgr aspect ratio, 

wili be in accordance with the retitim: 

In cmfmmity with standard n9nenClat&8, aspect rati? ie 

based on the spati qf 'the F7ings;. hwwer, there iS sme conten- 

tion that since only air fiow ?ersendicular t9 the quartm-ch~d 
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line l.a considered to affect the aerodsamic characteristics, 

aspect ratio should be based on the length of the quarter- 

chord line. 3uch an assumr>tion is used in the analysis 

included in reference 1, In figure 4, the experimental 

results (taken from the linear portion of the lift curve) are 

shown together with the predictions based on theory for both 

concepts of aspect ratio3. For swept-back wings, basing the 

aspect ratio on the length of the quarter-ohord line gives 

the better agreement; whei‘eaa for swept-forward wings, basing 

the aspect ratio on the conventional span gives the better 

agreement. 

It is believed that neither of these aspect ratio 

concepts gives a correct picture of the induction effects of 

the vortex pattern on swept wings. It can be shown that If a 

wing is swept back, the induction influences of the trailing 

vortices on the wing ehould be reduced, and conversely, if a 

wing is swept forward, the induction influences on the wing 

should be increased. That is, the effective aspect ratio 

increases with sweepback and decreases with sweepforward for 

wings of constant geometric aspect 

The lift-curve slopes for the 

been estimated using the method of 

rati (b'/S). 

Wings Of this repmt have 

FaLImer (reference 5) whioh 

"It is recagnized that a further aspect ratio, correction, 
namely, Jones' edge-velonity correction should be used. 
The effect is small, however, comnared to the errors 
resulting from the use of simple -sweep theory, It has 
been omitted, therefore, in an offort t-o indicate Clearly 
the adequacy of simple sweep theory in indicating the 
lift-curve slope of highly swept wings. 
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takes int? cqnsideratiqn the induction effects of the swept 

vortex system in a mc)re preciBe manner. In applying thze 

method the Bectlon lift-curve slope for these wing8 

( CL, = 0,102 s?as'used rather than the theoretical value 

( CL, = !??3 

1 

> 
used in reference 5. The results are shown in 

figure 4. The predicted values of' Gk. and their variation 

with sweep closely apTrox.imate the experimental results. 

This indicates that,t&en induction effects are prqerly 

accounted f'3r, accurate prediot ions of lift-curve slope can 

be made. It can be inferred then that the failure of 8imple 

theory to accurately indtcnta the, effect of sweep on :* 

lift-curve slope i-s :" result 9f tnpropcr induction effecta. 

Taper appears to have a strong effect on lift-curve 8lqe 

due tr, its inherent Izfluence on iairruction effects. As 

previously mentioned, the simplified theory strictly applies 

rlnlg to rectangular loading and-hence the taper of the w$ngs 

of the subject investipstion may account for s?me of the. 

discrepancy between theqretica I and experimental results. m 

an attempt tq'correlate the effect of taper ?n the lift-curve 

slope 9f 8VYept wings, date. from previous investigations of 

swept wings having different taper ratios (references 7, 2, 

3, 6,and 7) are shown in figure 5. For nest of the investi- 

gationB the wing aspect ratio (define-d as ba[S) and taper 

ratio did not very with-sweep. For those cases where aspect 

ratio (bs/S) varfed with sweep, the data were corrected to 

the aspect ratio (ha/S) for the unswept wing. 



Examination of the data in figure 5 will reveal that, 

aB taper rati is d&-eased, the maximum value qf lift-curve .- 

slope occurs at greater angles of sweepback. The relation 

between taper rati? and the angle of sweep at which the maxi- 

mum value of lift-curve slope occurs ia'shown in figure 6. 

The figure discloses that inorder t-> obtain maximum lift- 

curve slope the taper ratio should be reduced from 1.0 aa the 

wing is swept back and, by inference, increased from 1.0 as 

the wI,ng Zs swept forward. . 

P cqnparisgn ?f ;Pip*cs 4 and 5 shows that values of' 

lift-ourve slope determined fr39 tigl.-scsle tests show no 

better or poorer agreement with simple theory than values 

from small-scale tests. It appears th::. t the principal disa- 

greement between theQry and experiment lies in failure qf the 

theory to properly account for the induction effects 3n swept 

wings and that in comparison the effects of scale are rela- 

tfvely small. 

Examination of the nonljnear portion qf the lift curves 

and comparison with small-scale data shows that no consistent 

effects exist which cauld be attributed directly to scale 

effect. ThQse differences which dg exist are emall and 

erratic in nature and probably result from differences in 

plan f9rm, wing section,and local wing roughness. 

Flap effectiveness.- According to simple sweep theory, 

flap effectiveness decreases as c~s'A* An additional 

correctkqn to account for induction sfi"ects must be applied 
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when comparing flap effectiveness on wings of different aspect 

ratio. The cormients previxzsly made regarding the effects of 

induction on lift+urve slope a?pLy equally well to flap 

effectiveness. In fact +?hen a', C&I., and 6 are measured 

perpendicular to the quarter-chord line, the effectiveness 

parsmeter a*8 1s unaffected by skr'eep and the lift increment 

produced by f7QpdefLeotion is d.Ireetly proportional to cj-$ 

or te Ch cash. Hence the theoreti&al effect of sweep on 

flap lift increment may be written either in terms of sweep 

and aspect ratio: 

or in terms of sweep and lift-curve slopes: . 

(A%-)* = (A%)* = 0 cosA * 

where OG is the angle of attack of the roqt chord. 

In figure 7 the experImenta results are shmm together 

with predictiona made in accordance with both the forcgofng 

relations4. It can now be seen that predictions of flap lift 

increment made in terms of asp.ect rati? deviate from expori- 

mcnt the same ae did the predictfqns of lift-curve slope. 

However.k;hen prediotions are made in terms of lift-curve 

4Note that in correcting for aspeqt ratio, the aspect ratio 
was based on, the-span. As in the caee of %g if aspeot. 
$atios were baeod on the len 
better agreement in flap lif P 

h of the quarter-chord line 
increment would have been 

obtained for swept-back wings and poorer agreement for 
swept-forward wings. 
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slopes, the agreement with experiment is almost exact. Tim s 

the control which Ck has on flap effectiveness emphasizes 

the importance of fully understanding the effect qn CL, of 

the many factors involved; this is especially significant when 

flap effectiveness is considered in terms of airplane control 

and performance. 

Since the flap lift increment is dependent upon lift- 

curv'e slope, the conclusions concerning the effect of scale 

on lift-curve slope apply equally well to flap lift inorement. 

In general, it can be said that sweep introduces no new scale 

effect on flap lift increments measured +--low angles of 

attack. 

Haximum lift.- The effeat of sweep on maximum lift of 

the wing without flaps, with 0.623 span flaps deflected 600, 

and with full-span split flaps deflected 603 is shown in 

figure 23. Attention is called to the fact that the-wings 

tested. were composed largely of production wing pnels with 

normal rqughnesa and irregularities such 8B caused by access 

plates. As a result qf the roughness, maximum lifts measured 

on these wings may be somewhat lower than those measured on 

smooth wingsc However, since the measured values on the 

unswept wing appear to be reasonably high for the particular 

airfoil section8, it is believed that the roughness was not 

sufficient to seriously reduce the maximum lift measured. 

As shown in figure 8, sweep in wing plan form produces 

serious losses in maximum lift. KowevcTJ~-FP -all but one of 



the wing configurations the measured 1~x2.mum lift was equal 

to or greater than simple theory would indicate, that is, 

CLmax did not in general decreage pr9portioral:to c?s"&. 

rFurthernore, the geometrtc angle if attack fv Cbax 

(fig. 9) does not decrease a.6 

&ich wotild be predicted by, simple theory. 'It '&-probable 

thet spanwiee boundary-layer flo% prevents stall from 

spreading from tip to roqt on.the .gweptYbe.ck wing and.fram . 

ro9t to tip on the' 6Tqegt-forwLard-wIng.. It ia a&r, possible 

that this intense ~b%lndary-lager drain a117w~ oert&.n iectiqns . 

of the wing ti ‘rezch abn~rma.Lly h2gh angles ?f,attack prior 

t9 stall. 
. 

On the unswept;wIng tne &in in'max~mum -lift coefficient 

42e t9 flap deflection is equal. t3 the fw lift increment at 
I 

low angles of attack; whereas on the swept vlngs tne.gains in 

' maximum lift coefficient are, Fqmewhat ies& than the flap lift . 
increnente rea'iged at .Low,anglcs S attack. This ie gartic- 

ulnrly true fQr the x~t5o~rd g?rtiQn of full-span flaps on 

the strept-back wIngs'c,nd the.inbx.rd flags on the swept-f wwcrd 

wings. (FW swccpback angle's grcctcr than 30’, full-span 

flaps m--educe nrl greater -_.- "bnnx than d9 p.ertial-apan flaps.) 

Such decreases in flrp effectiveness F;Tfth sweep are disan- 

.poi.nting.but n% surprIeing, since ricer stall the air flaw 

is separated 3n the ?utboard section qf s-wept-back wings and 

the inboard section pf s!?ept-fvward wInga. 
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The measured loss in cr, ~ due to sweep seriously limits 

airplane performance. With either p.etial or full-sp,a.n flaps, 

the loss In %il ax due to 49 of sweep vrlould requfre increases 

fn landing speed of approximately 20 percent. 

Because of differences in taper ratio and airfoil sections 

of models used for small- and large-scale tests to date, no 

quantitative conclusions can be drawn reg.-ding the effects of 

scale on a 
maze 

at v3riouS angles of sweep. In general, how- 

ever, it c&n be .knferred that as the angle of sween is Increased 

the effects of scale become smaller. For lnsknce a comparfson 

of figure 8 of this report with. figure 7 of reference 23 S~OWEI 

that an increase in krna of 0.25 is obtatied at 0" of sweep 

when going from small- to'large-scale tests. In contrast, in- 

creases of only 0.10 and 0.08 in &mRx are gained w3.th No and 

45O sweepback. The increase in SD ax at 0" of sweep is in 

general accord with what past experience has shorm to be a rea- 

sonable effect of scale; whereas the increases for the swept 

wings fall far short of what would be anticipated from experi- 

ence on straight wings. These data indicate that l,?rge-scale 

tests show a much more rapid decrease of cr, nx with sweep than 

do model tests. This seems true whether flaps are deflected or 

not. Since large-scale results tend to approach small-scale 

results at large angles of sweep, considerable care should be 

taken in trying to estimate large-scale ntilane performance 

from s%;ept-wfng model tests. Expectations of irnprovkg kas 

commensurate with that experienced at zero sweep are not likely 

to be fulfilled. The importance o*f this problem would indicate 

a pressing need for aw-ept-v$ng tests of-a-number of--given models 

throughout the full Reynolds number range. 



It should be note& that the above inferences have been 

drawn from r8sCLts of tests of ~Tinqs using conventional air- 

foil sections. It may well be that when sufficient data 

become available to make sl.mila r com~xrisons on wings using 

laminar-flow sectfons, the effects of rou&xness and iieynolds 

number may be markedly different. 

ratio.- L/D The variatfon of L/?3 with 11ft coefffcisnt 

is shoxn in figure 10 for each of the five wings with partial 

and w9th'full-ssan flass. That >art of the drag attributed 

to induced drag has been corrected to the aspect ratio5 

(b2/S) of the unswept wing, t3at is, an aspect ratio 

of 4.62. The L/?I values for conditions where the drag coef- 

ficient was less than 0.1 are not shown because it is 

believed gossfble inaccuracies clue to lack of precise drag 

tare values would invalidate any conclusfon drawn Prom such 

results. This exclwAed sttidy -05 the most fmsortant flfght 

speed range for 2laf.n wings and hence the L/D values for 

plain wins are not shown, It 3s believed, however, that 

the results shown for the v!iqs wPth flaps are sufficiently 

accurate to allow useful conclusions to be drawn as to the 

effect of sweep on L/D ratios for that region of tne most 

interest, centering around glidLng and landing. 

The results show that at lift coefficients near a 

maximum 19ft coefficient of 0.8 the L/D for the swept wings 

5The us8 of asp e c t rati? based upoil the span of Wing rather 
than the length of 'ae quarter-chord line is justified 
on the basis of results quoted in reference 6. -- ---- 
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approximates that far the unswept wfng. As stall is approached 

the L/D ratI96 of the swept-back wings remain at least as high 

as those for the unswept wing; whereas the L/D ratio8 of the 

swept-forward wings show a rapid decreaee. 

Longitudinal CharactorJ.stics 

The effects of sweep-on the pitching-moment characteristics 

of the plain wing, wing-with partia L-span flaps,and with full- 

span flaps are-shown in figures ll.to 13. The renarks which 

follow are based upon the data obtained on the plain wing 

(fig. 11) but in gcneralap;,ly also to the wings with partial- 

or full-span flaps (figs. 12 and 13). 
Fcr lift coefficients less than.0.5, the pitching-moment 

coefficients vary almost linearly with lift coefficient and 

indicate that forward sweep moves the aerodynamic centor 

forward (4 percent K.A.C. at &j" swee?)-, while swcepback 

moves the aerodynamic center rearward (5 percent M.A.C. at 

Q-5O sweep). At Ugher lift coefficients the e" swept wings, 

and to a lesser degree the -3OO swept wing, exhibit an abnor- 

mal diving tendency. Similar dfvMg tendencies of highly swept 

wings have been reported previouslv .J (reference 1). Such 

irregularities in moment characteristics do not appear serious 

if considered only in terms of tho elevator power available 

with a conventional tail. Howev er I the effect upon static 

stability and the abrupt variation of elevator position and of 

stick Pmce with speed may prove cb,jacticnable to pilots. In 

. 



the ca8e of a tailless design theBe irregularitLes would be 

more serious. For instance, if the ‘t-5” swept-back Hng were 

considered a PoseIble design wA.th the O.&O-span aLlerons used 

fqr longitudinal cmtrol (elevens) and with neutral &ability 

at low lift coefficiente, over 30’ upeleven travel would be 

required to maintain trin even if the elevon effective'ness at 

2.o~~ lift coefficients were maLntained. For the go swept- 

forlrard ping a similar but less eFtreme.condftion exieted. 

Smaller control angles would be required but the data indicc%te 

an abruptness of control motion which, because of' the 1~ 

damping in pitch, night be serious in tailless desfgns. In 

. 

consLder%ng the longitudknal etabilfty it eho~,r..ld be re'membered . 
that.the effecte.of fuselage, t%p shape, slots,'etc., have ' 

been dfsregarded. ft may be, and znpubliehed data &I indi- - . 
cate, that minor configuration changes'wil.1 remove the diving . 
tendency and its, tissoclated problems.. 

For iift coefficlent$ just less than' chax,. the swept 

wings tested, with the exception of the, 30* 'swept-forward 

wing, exhib:ited a strong climbing moment. This chzraateristic 

ie obviously undesirable since it-makc8 i.nkdvsrtent stall 

quits likely. In reference .g a chart wgs presented whI.ch 

defined, on the'baaii of small-scale date., ,thc boundaries of 

aspect ratio and eweep'angX:e'whLoh would glove a H.ng.either a 

clL~bing or a diving tendency near stall; This chart is 

reproduced herein E-G figure 14. &9 ShoWi 011 this figure 

are the date. obtained in this invcet&tion. . Based upm aesc 
. 

data, it appears that the chart.,ts 6ct forth in'refcrcnce d . . . . . 



applies as well to l,wge-scde eta to =wdl-scale wings; further- 

more, the chart applies to swept-forward as well as swept-back 

wings. Insofar as the.over-all shape of the.pitchfng-moment 

curve is concerned large-scale tests agree generally With small- 

scale results with the exception of minor diff erencea. Again It 

should be noted that these compa,risons have been made from exam- 

ination of results of investigations on wings using conventional 

sections. The validity of the statements regarding theee cam- 

parisons is as yet unsubstantiated in cases where lamin@-flow 

sections are involved. 

Later8.l. Characteristics 

Dihedral effect.- The variation with lift ooefffcient of 

the rolllfng moment due to eideelip is shown in-figI.q?e 15 for the 

plain win@ and in figure 16 for the wings :tith flaps. The pow- 

erful influence of sweep on the dihedral effect is immediately 

apparent. (A scale of effective dihedral for the unswept wing 
has been shown on the figures to .~J.low convenierft comparisons.) 

Within limits, the dihedral effect due to sweep increases in 

proportion to lift coefficient. 

Both.the 30' and 45’ plain swept-back wings reached a 

maximum value of CI, P of -0.0034 (170 effective dihedral) at 

lift coefficients of 1.15 and O.@, respectively. In the case 

of the swept-forward wing the maximum value of OX 
B 

increased 

with angle, of sweep, being 0.0014 for the -30" swept wing and 

O.OOZQ for the -45’ swept WiiIg. These maxinm values for the 

swept-forward wings occurred in both cases new a lift c0ef- 

ficient of 0.9. It should be noted that Chile the swept-baok 

wings show much greater dihedral effect than do the swent- 
forwpxd wings, this is due largely to the dihedral effect of 
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the unswept wing. The incremental dihedral effect is roughly 

of the same order of Eagnitude f'?r either direction of sweepi 

The maximum dihedral effect of the wing with flags 

deflected is considerably higher, about 32O for the s3 

swept-back wing with full-span flaps. Such extreme 6ihedre.I 

would make maintenance of a wings-level attitude in the landME 

approach almostfmpossible because of' extreme sensitfvity in 

roll to slight anglcs.of sideslip; Even with adequate lateral 

control it is felt that a pilot would have difficulty in 

reacting sufficfently fast to prevent reaching excessive 

angles of bank. 

For the case where lift fs changed by changing angle of 

attack (flap deflection constant), simple sweep theory gives 

the following relation for the paremeter aczp/acL : 
6 oczp/w,), = (Wz B/wL)*=o - 114 -g-y+ 

J 9 

6It is recognized that bqth qf the terns on the right side of 
this equation should be modified furt.her by a correction 
involving aspect rati and edge velocity, Simple theory 
shows that, where asynnetrical lift exists, the corrections 
wmld be the form A/(AZ+&). Again the question arises as 
to what the value of aspect ratio should be. Obvfously the 
choice is more complex than simply deciding whether the 
span should be based on conventional span 3r querter-chord- 
line length, In attempting to correlate the subject data 
as well as other swept-wing data both these aizproachcs were 
used. Since neither proved consistently superior to the 
other or to simple theory, it was decided to delete the 
correction entirely. It is possible that additional study 
of existfng data together with future tests will reveal a 
means qf determining an effectLye assect ratio which when 
used in this connection will more accurately predict osym- 
metric loading condItiqns. It should be noted, then, that 
throughout tha sections of this report dealing with asym- 
metric loading conditFons (sideslip or ailerons deflected) 
no corrections for aspect ratio changes have-been applied 
t9 the predlctLons for the effect of sweep. 



22 NACA RI4 No. A&15 

This relation has been used to estimate the values of 

?XQ,f/KJ~ fv the five Mngs tested and the results are 

compared with experimentel values In figure 17. Sasqnnbly 

grlqd agreement is shown exeegt in the case of the 45' swcpt- --. 
forward wing which had a somctint lowor value of =,p, 

than was predicted& 

For the case where lift fs che.nguG by changing flap 

deflection (angle of attack constant), the theorctfcal effect 

of sweep on oc~~/oC, Is twice that given by the foregoing 

expression, that is, 

where bf/b is the raticj of flap span to wing 6pEU-i. The csti- 

mated and experimental results for this case are also shun in 

figure 17. The agreement betveen theory End experiment in this 

case is only f&r. The discrcpancy'is probably due fn great 

measure ,to failure of the theory to properly eccrlunt for the 

spanwise center of load. Theory indicates rcctrngulnr 1Wding - 

the.t is, thnt.thc' center of cn.dditional load ,is nppked nt mid- 

ecmiepan of wing or flap. Illovement of the ccnter.of load 

fnboerd PB much as 20 percent of the -wing -8emispc.n would be 

required to mnkc the dLscrepancy bgtween theory and experiment 

vanish. : 

Thus, relations obtained by.mcans of the simplified theory . 
appear to estimr.te at least the grQss effects of awcep on the 

pnramoter acLpL . A notnble cxccpti% is the case of the 

- .- 

. 
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45’ swept-forward ping which exhibits 8 d%edral effect much 

less than theory rc3uid indicate but still greater than the -- 

30’ swept-forward wing. 

Since the problem of detcrmfninc the value of ac@cL 

end the ne,~imum value of 
a,8 

ie :zobe.bIy the most aerI3us 

one feted by the desfgncr of 8vept-T.3ng ?.i~plf.ncs, e. coneidcr- 

able effort has been ne.de to evr.iuate the effects of SCZlC on 

swept-b%ck wfngs from the data. ~nfortun~~tcly, such en 

evalulption cwld not be obtc?.ined, Only the gencrfilizEti9n cz.3 

be np-de thP.t the effects of ~cmlo zq:x?r much less ingortzzt 

than the effects of wing geometry. Both urge- &.Ild analL- 

axle swept-bacb --ding tests show vzr;y simil~?r cher=cteristice. . 

ThEt-t is, the-value of BczpL "asproximates thet 

predicted by theory, with P. maximum velue of CIB being 

reached prior to the stall, end followed by a rcducti?n in 

czB 
~7.8 the stall is qprocohed. iC3tc that t:kesc znd the 

followfog considerations reg&ardLng the effects of sccr.le apply 

to plain swept-beck w-ings only. 

As previously noted, the vtJue of =,g"GL indicated 

by simple theory ia bz.sed upon the essumption thFt the clddJ.- 

tional lo,ad ia concentrated at the nfd-scnispan. Thcrcforc 

nerkcd Ufferences in this pcrsncter Trould bc cxpcctcd whore 

nonrcote.ngul&r loading was kn%-~~ to exist. In compzring .- 

experimental results with the theory such Was found to be the 

case. Rcfcrenco I showed that for 2hc ractp.ngul;i.r swept-bdck 

wings tke measured value wp.6 86 nuch af3 14 percent more tkn 
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the predicted value. The tests reported herein g?ve cxpcri- 

mental results less (as much as 14 percent less) than the 

predicted value. Such differences mi@t bc enticipated since 

theory shows that sweopback tends t? shift the load ccntcr 

towerds the tips; and tp.pcr ratios less than 1.0 tend t7 shift 

the load center towsrds the root. A comalctc undcrstsnding of 

this action cannot bc had until more thorough Studies are made 

of the effc:bts of swc~r) e.nd taper on ILwZ! ccntcr. A first 

approximation (prob2bl.y cn ovcrcorrcction) of the ansvcr can 

be rcachcd, however, by simply adjusting the load ccntcr to 

correspond TV the &rce. canter. If-this is done, theory would 

fall within 10 percent of' the results shown in this rcgort 

while, qf c3urse, the discrepanoies 7f reference 1 !flould be 

unchanged, Such a prouedure applied tq the results of refcrcnce 
. 

3 would aLightly Qvercorrect for the effect8 of taper that are 

shmrn. From this it can be concluded that the velue of 

aCte/aC~ can be apqroximated to within IF; percsnt by simple 

theory; that a closer approximation can be had - probably 

within 10 percent - if the centroid of l?r,d is nasumcd to lie 

on the centrqid of' area, It is belfcvcd thnt the effects of 

scale fall p:ithin this latter error snd probably zrc ?f the 

same gencralmagnitudc as the effects of section 3r tip shnge. 

No +ta could be found to aid fn a quontitativc evrlustion of 

thcsc effects. 

Yith regsrd to the maximum values 3f Cl e 
likely tq be 

cncQuntcred with EL highly spzpt wing, it ~r;:?e,ars ingosoiblc to 

. 

. 

. 



conclude more than the feet t-t a n&mum velue exists f?r 

every wing and that thia maxImum value tends to decrease with 

taper ratio: The data M this report and reference 3 show 

very nearly. the ame 5axfrx.m value 
i 

Cl g5&x= CLocrjg to O.G334 

for bqth swept-back wings. Reference 3 shows a very similar 

maximum for the untapered wings but shows the ma.xinum decreasr 

ing with both tager and sweep frr qther ~.tn~s. 33 relati9n 

eeems tq exist between -the lift coefficient at whic'r the 

maxinuril CJ 
B 

~curs and the maximum lff't coefficient of the 

wing. Since, however, the value of dGtE/3C~, in general, 

increases more rEpidly with sweep than C4;lax decreases, the 

sexinum value of Cl 
& 

xcurs at gr3gressivelg 13wer percent- 

ages 9f %l&x as sweep is increased. For instsnce, f3r a 

Nq sw@bacl wing, Cl 
&m.x 

.3ccurs et 0.55 %3&x in refer- 

ence 3, 0.61 chax in reference i, 8.nd 0.70 Cb8, Fn the 

data qf this repwt; %fk??eas 
cz kmx 

f7r 8' 30" swept-beck T%I~: 

3ccurEl at O.$O Cbaxr 0.82 CT %8x' 
and 0.91 CL,, fqr the 

same data, respectively. Since the .phenqmenon &Ich causes tht 

vs.lve ?f CT 
I? 

t? peak zre not completely understo,>d zf the 

present time, an Accurate preCLcti9n rJf its v2?lue is inp2s- 

slble. Exanfnatlon of c?ll available,dEta leads, however, to 

the conclusion the.t if a maximum ve.lue of -0.0035 is chose;: 

. the choice can be considered conservative, bq..-:t for the present, 

. 
wfnd-tu,nnel tests must be relied upon to give the exact 

answer. Certs.inly this prgblen is ~or?hy of hdditlonal study. 

'Until tl;E; governing factors are more clearly defined it renaiz 



impossible to determine to what extant 
Cz enax 

is affected by 

scale. 

In the case of swept-back wings T;Tith flaps deflected the 

amount of correlation pDesfbls between large- and emell-scale data 

is extremely limited and the results far less amenable to 

interpretation. For most cases examined theory gave at least 

a slightly conservative value of ~CL~/"CL where the change 

in lift coefficient was due either to a flap deflection at 

constant angle of attack or a changc.of angle of attack Vith 

flaps deflected. All the data, large and small scale sho:fed 

or indicated that a value of 
cz h-lav 

existed and that it 
* 

increased with aweep. Khile no systematic variati3n of CT 
fjaax 

with wing geometry could be ascertained, n-on-e-of the data 

showed a value greater than -0.007. Fz the prcsent, therefore, 

if wind-tunnel tests-are not available the best a?arQach to 

predicting CL 
B 

characteristics of swe$-wrings with flaps is 

to use simple theory to predict bCzp/?C~ and to consider 

-0.007 czp as the maximum. 

No correlation was attempted rsiell the swept-forrserd-wing 

data because of the scarcity of low-scale tests. 

Aileron effectiveness.- The variation of aileron effective- 

ness with lift coefficient is shown in f-igurc lg. The valuea 

of aileron effectiveness shown in figure 18 were obtained aa 

the Q, produced by -150 or 15' of aileron defLection and 

hence are ACz /Ma rather then a true (3% 
6a' 

It is inrediately 

apparent that aileroneffsctivcness decreases wjth sweep, 
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decreasing aa much as 50 percent for go of sweep. The effec- 

tiveness of the ailerons m tkm s~~c~t-be.ck wings decreescd 

with lift coefficient, rapidly at high lift coefffcients. 

This is due to a lose in effectivcneeo 6f the upward dcflcctcd 
e.ileroa which is in the mke of the separated flovr'a.?zd hmce 

contributes little or nothing to the mlling mmcnt. The 

ailerons on the swept-forwmd wings shop a general increase 

in effectiveness with li.ft coefftcI.ent, probably due t3 a 

favorable effect of the spanwise boundmy-layer drain. 

According to the sIq2ified theor'c;, as a wing 1s atre?t, 

the ailerm effectiveness will decressc, as far any flap, in 

prqortion t? the COS2A. That is, -w'_l-ers corrections for 

aspect ratio are ignored the value of Cl 6&i 
is given by the 

following relation: (ace footnote 6, ,D. 21) 

This relation has been used t? $rccG.ct the variation of 

ailePon7 effcctivonsss with sme2 for the five wInga tested, 

end the results arc cmgarsd ti.figure 19 with the exgeri- 

mental data cross-plotted frm figure 23 for zem lift. 

v~he ailerons m the vings of this invcstfge.tion vsricd bot;l 
in the relative amount of wi!~g area affectsd end in tke 
relative sparmise location of the center of 2rcssure Qf 
the area affected. In comparing theory .znd ex?erincnt, 
these variations were acc%.mtcC! f9r by corrcctfn& the 
theoretfcal values of ailcro~ effectiveness in prooorti7n 
to the ratio of the relat&ve area end spaWiSo Center of 
pressure qf the wept FLng to the rcletive area and SW- 
s<ise center 9f pressure of the unswept wing. 



Fp3r either sweepf9rward 3r sweepback the experimental values 

of aileron effectiveness are as much as 20 percent lower than 

the theoretical values. 

The fqregoing results sho~.tha$_ai~>r-~q effeftiveness $a 

reduced by wing sweep and that qn swept-back wings the aileron 

effeotiveness is further reduced at high lift coeSicients. 

Insofar as rolling 

conoerned, tkeory 

tq casA; whereas 

contr71 at 17w lift c7efficieAt 3.8 

BhO W8 that Cl 
P 

is reduced in pr7p7rti7n r 

%, 
is reduced in-prqp%+ion tr> c7saA 

and hence pb/2V will be reduced in pr9$qrti3n tq cash fqr 

a given size 9f aileron. In general, therefore, it appears 

that, t3 maintain a given value 3f pb/2V, aileron size must 

be increased as wings are swe$. Aa higher lift coefficients 

are reactLed the lateral-contr71 2r7blea bec7mes particularly 

pronounced. Xotonly muat powerful lateral c7ntr71 be pr7vided 

t9 rlvercqme great dihedral effects but the results reported 

herein show that avaLtla3le lateral c7ntr31, at least f7r 

swept-back wings, Aecrezses eeri3usly wLth lift c7efficienta. 

Fqr example, with the 45' swept-back wing equipped with full- 

span flaps and flying near C& ax' 13’ 7f t7tal aileron 

deflecti7n w7uld be required t7 hold t& wings level f7r only 

17 7f sideslip. The need fQr developmoat ?f adequate aileron 

c7ntrol or a means t7 reduce ailer7n o7ntr7l requirements is 

7bvi7us. 

L 

- 



Directional Characteristics 

29. 

The variation E-ith lift coefficient ?f the yawing moment 

due tT) sideslIp is shown in firtire 20 for the plain wings and 

in figure 21.f~ the wings r*ith gartU,l- F;nd full-span flaps, 

Sweeaback increased the directI?nal stability and sweepforward 

decreased the stability; hoT-rcver, due to the initial positive 

stability of.the unsp:ept wing the stability of the swegt- 

forward wings became negative only at higher lift coefficients 

and then only slightly so. 

The theoretzcal effect of steep on the directional 

stability is in accordance with ti=e followI.ng relation: 

The directional stability estimated on the basis of this 

equation is compared with experimental results in fiLgurc 22, 

Although precise agreement is n?t obtained, the trend of the 

experimental data Is indicated by tLc~y. 

The directional charactzrtstics of the swept wings tested 

should not present any serious groblcms qf a purely low-speed 

ete.tIC directional stzbility and C9ntr91 natW?s since adsquatc 

st8bility end control should be obtainable by use of fins and 

rudders of nwrzal pmpwtims combined with normal tail 

lengths, Powever a dynanio problem ariecs fr%z the fact that 

%g Increases PTith sweep more rapidly than Gn 
B 

s This 

unbalance between Cl 
F 

and 
GnB 

leads to the dutch-roll type 
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Qf instability which haa been discussed 3_n refc-rence 8. The 

data obtained in the investigation reported herein substantiate 

previous tests conducted on small-scale models and conse- 

quently indicate that means must be found t9 balance (3% 
F 

and 

Large-scale. tests indicate that the prjnary problems to be 

3vercme before successful use can be-made of high angles of' 

sweep are (1) high dihedral effects accompanied by poor lateral 

control at high lift coefficients,' (2) Low maxImum lift value 

together with low flap effectiveness, and (3) rapid shift in 

neutral point in the.moderate to high lift-coefficient range 

coupled wflth a-possibility ~4 strong stalling nonent at taxi- 

mum lift resulting from poor plan-form choice. 

In general, simple theory enables good predictions tc be . -- 
made qf the gross effects of sF;ecp on wing-ch~acteristics, 

but it is felt that t'he accuracy is inadequate for purposes 

3f design. It appears that the majority of- the inaccuracies 

result from an inc~mpletc understanding qf the effeots of 

aspect ratio. 

IC.ere it has been fmnd possible t? cmpare J;~r;e-sc,zlo 

data vith small-scale data a conparis= has ehom that where 

scale effects exist at 1%~ angles of sWec2J sce.le effects 
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approaching small-scale results; 

Ames Acrmautl.cal D.bwatvy, 
XationaL Advisory Ccm~ittec fw? Aermmtics, 

iiqffett Field, Ca1l.f. . 

Victor I. Stevens, Jr-, 
Bermaatical Engineer. 

Approved:, 
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A?PENDIX 

Description 9f 3aslc Vfnd-Tunnel Test Results . 

For each swept wing, six-conponent f2rce, data vere 

obtained at several angles of sideslig and several values 3f 

dynamic pressure. (See fig. 23 for variation of Reynolds 

number with dynamic pressure.) At each angle 9f sfdesli?, 

aeveral model oQnflguratJ.qns were tested including plain 

wing, wing with partial-s?an split flags, wing with full-span 

split flaps and wing pith split-flapt;pe aileron. The data --j- . . 
obtained arc presented in figures 24 t? 9li.n terms of the 

variation of the measured characteristics with lift coefficient. 

Table II forma an index of these figures presenting the basic 

data. 

A11 the data are referred to the atability axes whose 

wigin is located at a point on the m2t chord 3r root chord 

I 

. - 
projected and at the sp.c?.e fwe and aft iocat3,on aa the quarter 

E.A.C. The test results are presented in the fwm of standard 

XACA coefficients as defined in the section Coefficients and 

Qymbols. 

All the basic wind-tunnel &:~a kve been corrected f?r 

air stream inclination end for wind-tumicl-wall effects. A 

brief anelysis of the effect of sweep on tumel+Iall corrections 

indicated that the average correction either T..-ith or @5thout 

sweep v.ras approximately the same fTr the tunnel raing configura- 

tfons considered. Hence the standard corrections for unswept 

wings were applied. 
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Fqrce tests made With the sting s:uggort aloni' in the 

tunnel showed t&t its tare shc>uld be neglig;ible except In 

the case of pitching moment, drag and ys.Mng moment, Xeasured 

pitching-moment tares are believed reliable c.nd were applied 

tq all the data. IfNle the drag t.eres eze as>reciable 

(ap?rexinatslg 0.02 in the case of XIe.unswept wing k-here 

the area is small and deereasing f?r the swept r~9ngs-~~herc 

the eraa'is larger), it is felt that they could not be 

determined with sufficient accuracy tq wsrrsnt application. 

Hence no drag tares have been ag:>lied, Since the mzsurod 

yawing-moment tares (fig. 92) were small, they Vrere n9t 
applied to the basic data. FIowcver, in analysis of the data 

it was found that the tarcswcre relatively large -hen 

compared to-the effects of sweep. In order then to $roi>crly 

assess the-effects. 9f sT*eeg, It was necessary tT) apply tares 

t3 the summary data FWLCF Is, theref?re, shown fully corrected 

in figures 20, 2L,and 22. 
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NACA RM No. A6H15 Fig. la,b 

. 

(a) The e” swept-forward wing. 

(b) The unswept wfng. 

Figure 1,- Photographs of three of the swept wings mounted in the knee 
&O- by ESO-foot tind tumel. 



Figure It.- Concluded. (c ) The 45O swept-back wing. 



NACA RM No. A6K15 Fig. 2a 

HOTEBt l.- wlm AUOLEB 0I~AE2EunaRm 
m41025. 

TC ~A2TlXCEORD LIHBOF AIIU'OTL 

2.- FORE UlD AFT LOCATIOP OF El003 OH022 I5 REP- TO 236 UC. 
3.- !X$~~DA-L.$B Un liILERoP5 I5 .a0 OFE'IPQOB~~DILEIWRED PAFuLLE~ 

. 

UTIOIIAL AnVI502Y 
FOR ~XALITICS 

BImP - -450, AREA- 355.5 sq FT. A5PEoT RATIO - 5.12, TAP= RATIO - .38 BImP - -450, AREA- 355.5 sq FT. A5PEoT RATIO - 5.12, TAP= RATIO - .3a 

BIEEP - -w, AREA - 262.3 EQ m. A6PEcT RATIO = 4.69, TAPE2 ELM10 - .40 

Figure 2a,b.- Geometric.characteristics of the swept wings. 



Pig. 2b NACA R&I No. A6K15 
---30.53 

aram- w, AFLLh-.i3Ol.8 EQFT, AEi'EOT WI0 - 4.88, TIPmFUTIO - .66 

BIEEP - +30“, AREA - X4.4 EQ FT, AOPECT RATIO = 4.84, TAPEFt FiATI0 i-.U 

J /.. 
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t- -7.06’ --i 

6m.m - d50, Aiuh - 309.6 ag IT, 

*9p2CT RI?10 = 3.04, TAP= RATIO = .4a 

Figure 2b.- Concluded. 
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NACA RM No. A6K15 Fig. 3 

NATIONAL ADVISORY COMMITTEE 
J'OR AERONAUT108 

Figure 3.0 Sign convention for the standard NAGA coefficients. 
All forces, moments, angles, and control surface 

deflections are sholm as positive. 



Figs. 4,5 NACA RM No. A6K15 
- --.. 

RATIOHAL *DVIBORY OOYYITTEE POR AEFtOIPAUTIOB 

FIGURE 5.- EFFECT OF SWEEP ON LIFE-CURVE SLOPE 



NACK R.M No. A6K15 Figs. 6,7 

ANGLE OF sWEER, A, PEG. 

HATIOHiL ADVIBORY OOYYITTEE 
FOR &LROHAUTIOS 



Figs. 8,9 NACA RM No. A6K15 

t 

F~JRL a- EFF,ZCT OF SWEEP ON THE MAXlMiJM LIFr COEFFICIENT; 

u-x-< 

I I IIlil,t l”lh!S I I iTl I3 , ll;il Z :: 

. 

. 



. . 

. 

r I I I I I I I I I I I I I I’I 

54 30’ ~wEFTBAcK WING 

: 

WIN5 

8 
18 

z 

WIN0 

8 

P . 

3P 6wKPTa4CK WIYB- 

3 

OO’ .6 1.0 I.8 I.4 I.8 1.8 A!,0 

WWRf /a.- L/ARlATlON WITH LIFT COEFPlCleNT OF 
UCT-DRAB RATIO OF m8 FIVE SWEPT 
W/NBS. 



2.6 

I. 8 

1.6 

1.4 

2.2, , , , , , , , , , ,- , , , , , 

” ” ” ” ” ” 
0 TO4 -.OO -da -.I6 -do -.U -.a 

~l7CWlNO-MbME?J7 COWFlC/6Nr, c, 



. 

I x I I I I I 
I I I I I WI I I I 

. 
. 1 

I- ! ! !K! .! ! ! ! ! ! ! ! ! I 



Figs. 16,17 NACA RM No. A6K15 
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MACA R.M No. A6Kl5 Figs. 18,19 
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Figs. 20,21 NACA RM No. A6K15 
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NACA RM No. A6K15 Figs. 22,23 
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